Alzheimer's disease is an irreversible, degenerative and age-related disease which is growing more and more with the increase in life expectancy. Kaurane diterpenes are a class of natural products available in large amounts in nature and isolated from plants grown worldwide. In the present work¸ twenty-seven kaurane diterpenes of natural origin and some readily available derivatives were assayed for acetylcholinesterase inhibition and the structure-activity relationship was analyzed. The kaurenoic acid derivatives screened showed to be promising inhibitors of AChE, which could provide new leads for drugs to fight Alzheimer's disease symptoms. Among them, eleven compounds showed activities comparable or higher than the positive control galantamine. Existence of an allylic hydroxyl group showed to be an important structural feature for AChE inhibition. In addition, presence of free hydroxyl groups at C-17 and C-19, furnished a diol especially active, able to completely inhibit AChE.
INTRODUCTION
Alzheimer's disease is among the most disturbing current diseases. It is growing more and more with the increase in life expectancy, being irreversible, degenerative and age-related. This disease is characterized by accumulation of senile plaques, which has beta-amyloid as its major constituent. In Alzheimer's disease, there is huge decline on acetylcholine neurotransmitter level in brain, a fact which is intimately related to memory loss. [1] [2] [3] Numerous approaches have been explored to restore central cholinergic function by means of acetylcholinesterase (AChE) inhibitors since this enzyme is the main protein responsible by acetylcholine hydrolysis. 4 Natural products have been rediscovered as source of new drugs, due to the success of some secondary metabolites as unique and effective medicines. 5 Several compounds of natural origin have been described as AChE inhibitors. 3, 6, 7 However, many of the natural products able to inhibit AChE activity have been isolated in poor yields from the natural sources, usually plant or microbe extracts. The low availability of such active compounds or their narrow global distribution refrain further drug development and induces the search for active natural compounds available in high yields from readily accessible natural sources.
ent-Kaurenoic acid (1) is a natural product that has been isolated from many plant species such as Sphagneticola trilobata (Asteraceae) 8 Xylopia sericea, 9 and X. frutescens, 10 among other. This compound is usually isolated in high yields, being even possible its straightforward precipitation from crude extracts. Additionally, kaurenoic acid (1) presents many biological activities. 11 There are some evidences in the literature that kaurane diterpenes can be further studied as new drug candidates to fight Alzheimer's disease. For example, Kim et al reported the neuroprotective effects of a functionalized seco-ent-kauranolide (CBNU06), isolated from Isodon japonicus, which protected PC12 cells against a beta-induced neurotoxicity by inhibiting NF-kappaB signaling pathways, with possible beneficial effects in Alzheimer's disease. 12 These features make kaurenoic acid a good model for the development of new acetylcholinesterase inhibitors.
In the present work¸ twenty-seven kaurane diterpenes of natural origin and some readily available semi-synthetic derivatives were assayed for acetylcholinesterase inhibition and the structure-activity relationship was analyzed.
EXPERIMENTAL

Natural kaurane diterpenes
Kaurenoic acid (1) was previously isolated from ethanol extract of Sphagneticola trilobata (Asteraceae) with 9.8% yield, 8 and from Xylopia sericea (1.06% yield). 9 Compounds 4, and 8 were also isolated from X. sericea with 0.40 and 0.014% yield, respectively. 9 X. frutescens furnished 1 and 4 with 4.06 and 3.19% yield, 10 respectively. Gibberellic acid (22) was supplied by Across Organics (Hampton, New Hampshire). Stevioside (27) was obtained from Stevita Cristal® (gift of Steviafarma Industrial S.A., Brazil). 13 Nuclear Magnetic Resonance (NMR) spectra were determined on a Bruker Avance DRX 200 or 400 MHz or on a Agilent 400 MHz with tetramethylsilane (TMS) as internal standard in CDCl 3 , CD 3 OD, CD 3 COCD 3 and D 2 O. Chemical shifts (δ) are given in parts per million (ppm) relative to TMS. Coupling constants (J) are given in hertz (Hz).
Semisynthesis of derivatives
Treatment of 1 and 4 with iodomethane 14 gave the respective methyl esters 2 and 6, with nearly quantitative yields. Reduction of 2 from LiAlH 4 gave the alcohol derivative 3 (84% yield). 15 Hydrolysis of 4 from KOH 1% in methanol for 5 h gave the alcohol derivative 5 (93% yield); 15 (22), respectively, and the bromolactone 5-bromo-3-methyl 2(5H)-furanone. 19 After purification by column chromatography, compounds 13, 20 and 23 were obtained with 75, 14 and 62% yield, respectively. Compounds 24 and 25 were prepared from GA 3 (22) and benzyl bromide, according to Chen et al. 20 with 74 and 22.5% yield, respectively. Compound 26 was obtained by reaction of 24 with acetic anhydride in pyridine at 0 °C 21 with 85% yield.
Assay for AChE Inhibitory Activity
The assays for all compounds were performed in 96 well microplates using the spectrophotometric method according to Ellman et al. 22 and modifications. 23 Acetylthiocholine iodide (15 mmol L ) pH 8 and 25 µL of sample solution (DMSO 10 mg/mL). To determine AChE inhibition extention, plates were read in a micro plate reader and absorbance was measured at every 60 seconds for eight times totaling eight minutes of reading. After this stage, there were added 25 µL of AChE solution (0.222 U/mL) containing 0.1% bovine serum albumin to the wells. A new reading was held 2 minutes AChE addition after and the absorbance measured immediately and then at every 60 seconds for nine times, totaling nine minutes of reading. Galantamine was used as a positive control. Assay was carried out in quintuplicate and absorbance was measured at 405 nm in a microplate reader Biotec ELX 800. AChE percent inhibition was calculated using the following equation: Inhibition (%) = 100-[(R sample / R control )*100], where R sample = rate of sample extracts reaction and R control = rate of blank.
RESULTS AND DISCUSSION
The evaluation of antiacetylcholinesterase activity bioassay was realized with five natural products (1, 4, 8, 22 and 27) and twenty two natural product derivatives (2, 3, 5-7, 9-21, 23-26). The chemical structures of these compounds are presented in Figure 1 .
All compounds (1-27) were fully characterized by Tables 1-3. Natural compounds 1, 4, 8, 22 and 27 were initially screened for their capacity for AChE inhibition. Among them, the most active ones were 1 (kaurenoic acid) (81.6 ± 1.8%) and 22 (gibberellic acid) (85.2 ± 4.1). Presence of a bulk sugar moiety at C-13 and C-19 did not have the same effect in the activity, since compound 27 was not very active (36.7 ± 4.3%). These results have encouraged us to prepare derivatives from them, as well as other derivatives with kaurane skeleton, such as the respective methyl esters and some kaurane derivatives functionalized at C-15, C-16 and C-19.
Regarding to kaurenoic acid derivatives, natural product 1 was more active than its methyl ester derivative 2 (74.2 ± 3.1%). When the carboxyl group was replaced by an alcohol at C-19 in 3, activity (79.3 ± 4.1%) was not different from that of compound 1. There was also no significant difference between the activity of kaurenoic acid (1) (81.6 ± 1.8) and derivative 17 (82.0 ± 1.6). The presence of an allylic hydroxyl group at C-15 (compound 5) led to one of the most active derivatives which was able to inhibit AChE in a higher level (93.0 ± 3.8%) compared to galantamine (90.3 ± 0.5), the control used in the experiments. It is very interesting to observe that galantamine also has an allylic hydroxyl group on its structure (Figure 2 ). This hydroxyl group acts as a donor in the bonding with Glu202 and, therefore, is involved in the biological activity mechanism. 26 Other galantamine derivatives bearing this allylic hydroxyl group were also reported as potent AChE inhibitors. 27 The presence of the acetoxy group at C-15 in 4 may be responsible for decreasing the activity (65.0 ± 4.5%) of this natural product when compared to 1 (81.6 ± 1.8). It is worth mentioning that the biological activity of compound 6 (54.6 ± 4.0%), derived from 4 by esterification at C-19, was even lower. However, this is not the unique structural feature important for biological response, since compound 7, also bearing an allylic hydroxyl group, was much less active (59.0 ± 3.7) than kaurenoic acid (1) probably due to the absence of a free carboxyl group at C-19.
Insertion of a monoamide group at C-19 in kaurenoic acid greatly decreased the activity and this activity decreased with the size of the side chain, as derivatives 9, 10 and 11 were poorly active.
However, reduction of activity was not observed by introduction of the monoamine group at C-19 of 17 (82.0 ± 1.6%) to yield compound 18 (89.8 ± 0.5%). Cyclic monoamide 12 (62.9 ± 2.3) inhibited acetylcholinesterase much more than the corresponding linear amide (derivatives 9-11). Concerning to amides with side chains of the same size, diamide 16 (81.8 ± 1.0%) was the most active than derivative 9 (34.1 ± 2.0%).
Monoamides synthesized from aromatic diamines (compounds 14 and 15) were more active than those derived from aliphatic diamines, leading into consideration the distance between the two nitrogen atoms (compounds 11 and 15). It is noteworthy that non substituted aromatic amide 14 was more active (56.4 ± 4.2) than the corresponding p-amino substituted one (39.3 ± 4.9). Introduction of a butenolide substituent promoted different effects in the activity. When added to ring D (compound 20), the activity was very weak (16.3 ± 0.5), while, when bonded to the C-19 carbonyl (compound 13), the activity has greatly increased (81.8 ± 1.0). The most active derivative from kaurenoic acid series was the diol 21, which was able to completely inhibit AChE activity (100%) at the conditions used, being more active than the positive control.
Gibberellic acid (22) is a hormone biosynthesized from kaurenoic acid in the plants. Its activity was comparable (85.2 ± 4.1) to that of kaurenoic acid (1) motivating the screening of a series of compounds prepared from 22 (compounds 23-26). Derivative 25 showed the same level of AChE inhibition than the starting material 22, while introduction of a butenolide substituent in gibberellic acid structure (derivative 23) decreased the activity (68.3 ± 3.8).
Based on the obtained results, the kaurenoic and gibberellic acids derivatives showed to be promising inhibitors of AChE, which could provide new leads for development of drugs for treating Alzheimer's disease. Among them, compounds 1, 5, 13, 16-18, 21, 22 and 25 showed relevant activities (higher than 80%), and among them, compounds 5, 18 and 21 presented activities comparable to the positive control, galanthamine. Particularly, compound 21 which bears two free hydroxyl groups at C-17 and C-19, was especially active, completely inhibiting the AChE (100%). Results for AChE inhibition obtained for all compounds are presented in Table 4 . 
